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(54) FUEL CELL OPERABLE IN MODERATE TEMPERATURE RANGE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell 
which can operate in a moderate temperature range, 
by raising the operating temperature in a solid 
polymer membrane fuel cell and lowering the 
operating temperature of a solid oxide type fuel cell. 
SOLUTION: Dense layers of hydrogen permeable 
metal 21 , 22 and 24 are provided on both sides of 
polymer electrolyte layer 20 in the solid polymer 
membrane fuel cell. Thus, the break off of the 
moisture of the electrolyte layer 20 is suppressed, 
and the operating temperature can be raised; while in 
the solid oxide type fuel cell, the dense membrane of 
hydrogen permeable metal is made the base material 
and the electrolyte layer is formed thereon. In this 

way, the electrolyte layer can be made sufficiently thin, and the operating temperature can 
be lowered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is an electrolyte membrane for fuel cells, 
The water electrolyte layer containing moisture, 

The electrolyte membrane which has the precise film of the hydrogen permeability ingredient 
formed in both sides of this electrolyte layer. 
[Claim 2] 

It is an electrolyte membrane according to claim 1 , 

Said water electrolyte layer is an electrolyte membrane which is a solid-state poly membrane. 
[Claim 3] 

It is an electrolyte membrane according to claim 1, 

The precise film arranged at the oxygen pole side of said fuel cell is an electrolyte membrane formed 
with either of the alloys containing at least vanadium, niobium, tantalums, and these parts. 
[Claim 4] 

claims 1-3 ~ either - the electrolyte membrane of a pubhcation - it is 

The precise film arranged at the hydrogen pole side of said fuel cell is an electrolyte membrane 
formed with palladium or a palladium alloy. 
[Claim 5] 

It is an electrolyte membrane according to claim 1, 

The precise film of said hydrogen permeability ingredient consists of two-layer hydrogen [ at least ] 

demarcation membrane layers which consist of a dissimilar metal, ^ 

It had the metal diffusion control layer of the contact interface of this dissimilar metal which controls 

diffusion of these dissimilar metals in part at least. 

Electrolyte membrane. 

[Claim 6] 

It is an electrolyte membrane according to claim 5, 

Said metal diffusion control layer is a proton conductor, a mixed conductor, an insulator, the 

ceramics, and an electrolyte membrane containing at least one of the metals of non-conductivity 

[ proton ]. 

[Claim 7] 

It is a fuel cell, 

claims 1-6 ~ either - the electrolyte membrane of a publication, 

The oxidation gas supply section which supplies oxidation gas to the oxygen pole arranged m one 
field of this electrolyte membrane, and this oxygen pole, 

the hydrogen pole arranged in the field of another side of this electrolyte membrane, and this 
hydrogen pole - hydrogen - a fuel cell-equipped with the fuel gas feed zone which supplies rich fuel 
gas. 

[Claim 8] 

It is an electrolyte membrane for fuel cells, 

The base material formed with the precise hydrogen permeability ingredient, 

An electrolyte membrane equipped with the electrolyte layer of the minerals formed by one [ at 

least ] field on this base material. 
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[Claim 9] 

It is an electrolyte membrane according to claim 8, 

An electrolyte membrane equipped with the coat of the hydrogen permeability ingredient which 
covers the field of the side which does not touch said base material among the fields of said 
electrolyte layer. 
[Claim 10] 

It is an electrolyte membrane according to claim 9, 

Said base material and said coat are an electrolyte membrane formed with a metallic material of a 
different kind. 
[Claim 11] 

It is an electrolyte membrane according to claim 8, 

The base material of said hydrogen permeability ingredient consists of two-layer hydrogen [ at least ] 
demarcation membrane layers which consist of a dissimilar metal, 

It had the metal diffusion control layer of the contact interface of this dissimilar metal which controls 
diffusion of these dissimilar metals in part at least. 
Electrolyte membrane. 
[Claim 12] 

It is an electrolyte membrane according to claim 11, 

Said metal diffusion control layer is a proton conductor, a mixed conductor, an insulator, the 
ceramics, and an electrolyte membrane containing at least one of the metals of non-conductivity 
[ proton ]. 
[Claim 13] 

claims 8-12 ~ either - the electrolyte membrane of a publication - it is 

Said base material is an electrolyte membrane formed with either of the alloys containing at least 
vanadium, niobium, tantalums, and these parts. 
[Claim 14] 

It is an electrolyte membrane according to claim 13, 
Said electrolyte layer is formed by the solid acid ghost, 

A part of interface [ at least ] of said base material and said electrolyte layer was equipped with the 
reaction control layer which controls the reaction of the oxygen atom in said electrolyte layer, and 
said base material. 
Electrolyte membrane. 
[Claim 15] 

It is an electrolyte membrane according to claim 14, 

Said reaction control layer is an electrolyte membrane containing at least one of a proton conductor, 
a mixed conductor, and insulators. 
[Claim 16] 

It is an electrolyte membrane according to claim 8, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen 
while including the 1st site which uses alkali metals as a principal component by the fixed ratio to 
the 2nd site which uses other elements as a principal component, 

Said multiple oxide is a multiple oxide with which the mole ratio of the component of the 1st site to 
the component of the 2nd site was compounded with the mixing ratio smaller than said fixed ratio. 
Electrolyte membrane. 
[Claim 17] 

It is an electrolyte membrane according to claim 8, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen 
while including the 1st site which uses alkali metals as a principal component by the fixed ratio to 
the 2nd site which uses other elements as a principal component, 

said multiple oxide is specified quantity **** about the oxide of the 3rd element which forms an 
oxide with said alkali metals - it is the multiple oxide compounded in the condition 
Electrolyte membrane. 
[Claim 18] 
It is a fuel cell, 

claims 8-17 - either — the electrolyte membrane of a publication, 
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The oxidation gas supply section which supplies oxidation gas to the oxygen pole arranged in one 
field of this electrolyte membrane, and this oxygen pole, 

the hydrogen pole arranged in the field of another side of this electrolyte membrane, and this 
hydrogen pole — hydrogen — a fuel cell equipped with the fuel gas feed zone which supplies rich fuel 
gas. 

[Claim 19] 

It is a fuel cell according to claim 18, 

Said base material is a fuel cell arranged rather than this base material so that said electrolyte layer 
may exist in a hydrogen pole side while being either of the alloys containing at least vanadium, 
niobium, tantalums, and these parts. 
[Claim 20] 

It is a fuel cell according to claim 18 or 19, 

Said electrolyte membrane is a fuel cell arranged so that either [ at least ] said base material or 
covering may intervene between said electrolyte layers and oxygen poles. 
[Claim 21] 

It is the manufacture approach of the electrolyte membrane for fuel cells, 
The process which forms the water electrolyte layer containing moisture, 

The manufacture approach equipped with the process which forms the precise film of a hydrogen 
permeability ingredient in both sides of this electrolyte layer. 
[Claim 22] 

It is the manufacture approach of the electrolyte membrane for fuel cells, 

a) The process for which the base material formed with the precise hydrogen permeability ingredient 
is prepared, 

b) The manufacture approach which equips one [ at least ] field of this base material with the process 
which forms an inorganic electrolyte layer. 

[Claim 23] 

It is the manufacture approach according to claim 22, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen 
while including the 1st site which uses alkali metals as a principal component by the fixed ratio to 
the 2nd site which uses other elements as a principal component, 

Said process b is the manufacture approach equipped with the process which compounds the mole 
ratio [ as opposed to the component of the 2nd site for said multiple oxide ] of the component of the 
1st site with a mixing ratio smaller than said fixed ratio. 
[Claim 24] 

It is the manufacture approach according to claim 22, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen 
while including the 1st site which uses alkali metals as a principal component by the fixed ratio to 
the 2nd site which uses other elements as a principal component, 

said process b is specified quantity **** about the oxide of the 3rd element which forms said alkali 
metals and oxide for said multiple oxide — the manufacture approach equipped with the process 
compounded in the condition. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
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2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the fuel cell which can operate m a moderate temperature region. 
[0002] 

[Description of the Prior Art] , . , , A ■ 

In recent years, the fuel cell generated according to the electrochemical reaction of hydrogen and air 
attracts attention as an energy source. The fuel cell of high temperature forms, such as a fuel cell of 
low temperature forms, such as a solid-state macromolecule membrane type, and a solid acid ghost 
mold, exists in the thing using a solid electrolyte membrane among fuel cells. 

The°fuel cell of a solid-state macromolecule membrane type uses poly membranes, such as Nafion 
(trademark) for the electrolyte membrane inserted into inter-electrode. In this electrolyte membrane, 
if water content becomes low, ionic conductivity will fall and membrane resistance will become 
large Therefore, in order to hold down membrane resistance to the practical range, operation at the 
low temperature which can avoid extreme evaporation of moisture is needed. Generally in the 
present condition, the fuel cell of a solid-state macromolecule membrane type is operated m about 
150 degrees C or less. 

Thefilel cell of a solid acid ghost mold uses the thin film of the minerals of a zirconia and others for 
the electrolyte membrane inserted into inter-electrode. Since the membrane resistance of this 
electrolyte membrane is in the inclination which increases, so that it becomes low temperature, in 
order to hold down membrane resistance to the practical range, operation comparatively in an 
elevated temperature is needed. Although it is also possible to reduce membrane resistance by 
making thickness of an electrolyte membrane thin, it is very difficult to form a precise thin film on 
the electrode formed by the porous body, and sufficient thin film-ization is not attained. Generally in 
the present condition, the fuel cell of a solid acid ghost mold is operated at the temperature of about 
700 degrees C or more. 

Inaddition the hydrogen demarcation membrane of 5 layer structures which covered Palladium Pd 
through the hydrogen permeability middle class as an example which constituted the film from two 
or more layers to base metal both sides of VB group element (Vanadium V, Niobium Nb, Tantalum 
Ta) is proposed by the patent reference 1. 
[0006] 

[Patent reference 1] 
JP,7- 185277, A 
[0007] 

[Problem(s) to be Solved by the Invention] 

Conventionally, what operates in an about 150-700-degree C moderate temperature region did not 
exist in the fuel cell using a solid electrolyte membrane. Generally, since electrolytic membrane 
resistance was in the inclination which becomes so low that temperature is high, eleyated- 
temperature-ization of operating temperature was desired about the fuel cell of a solid-state 
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macromolecule membrane type. On the other hand, it needed to consider as the configuration 
member and structure where thermal resistance was taken into consideration in the system using a 
fuel cell when the operating temperature of a fuel cell was extremely high, and the constraint on a 
design was large. 
[0008] 

In view of these technical problems, this invention attains elevated-temperature-izing of the 
operating temperature of the fuel cell of a low temperature form, and low temperature-ization of the 
operating temperature of the fuel cell of a high temperature form, and aims at offering the fuel cell 
which can operate in a moderate temperature region. 
[0009] 

[The means for solving a technical problem, and its operation and effectiveness] 
In order to solve a part of above-mentioned technical problem [ at least ], the 1st electrolyte 
membrane for fuel cells in this invention was considered as the following configurations. Let the 1st 
electrolyte membrane be the three-tiered structure which has a water electrolyte layer containing 
moisture, and the precise film of the hydrogen permeability ingredient formed in the both sides. By 
covering both sides of a water electrolyte layer with the precise film, even if it operates under an 
elevated temperature, evaporation of the moisture of a water electrolyte layer can be controlled, and 
increase of membrane resistance can be controlled. Therefore, the operating temperature of the fuel 
cell of a low temperature form can be raised by using this electrolyte membrane. The film which 
included moisture in a ceramic, glass, and alumina systems, such as a solid-state poly membrane, 
heteropolyacid systems, water peta-alumina systems, etc., such as Nafion (trademark), can be used 
for a water electrolyte layer. 
[0010] 

In the 1st electrolyte membrane, the precise film arranged at an oxygen pole side in case it is used for 
a fuel cell can be used as either of the alloys containing at least vanadium, niobium, tantalums, and 
these parts. For example, it is good also as a vanadium simple substance, and good also as a 
vanadium-nickel alloy etc. Generally, these ingredients have the high permeability of hydrogen, and 
since it is comparatively cheap, they fit this application. Although it is also possible to apply these 
ingredients to the precise film by the side of a hydrogen pole, it is more desirable to use for an 
oxygen pole side, in order to avoid hydrogen embrittlement. 
[0011] 

In the 1st electrolyte membrane, the precise film arranged at a hydrogen pole side in case it is used 
for a fuel cell can be used as palladium or a palladium alloy. Palladium is because it is the ingredient 
which cannot carry out hydrogen embrittlement easily while having comparatively high hydrogen 
permeability. 
[0012] 

The precise film of said hydrogen permeability ingredient is good also as what consists of two-layer 
hydrogen [ at least ] demarcation membrane layers which consist of a dissimilar metal, and is 
equipped with the metal diffusion control layer of the contact interface of this dissimilar metal which 
controls diffusion of these dissimilar metals in part at least. 
[0013] 

Sandwiches structure film, such as for example, palladium / vanadium / palladium, may be used for a 
hydrogen permeability ingredient. Although the transmission rate of vanadium of a proton or a 
hydrogen atom is quicker than palladium and there is an advantage of being cheap, there is also a 
fault that the capacity to divide a hydrogen content child into a proton etc. is low. Penetrable ability 
can be raised because the capacity to divide a hydrogen content child into a proton forms the thin 
film of high palladium in one side or both sides of vanadium. As for a metal, the metal of VB 
groups, such as niobium and a tantalum, may be used besides vanadium. 
[0014] 

However, with the hydrogen permeability ingredient formed in this way, hydrogen permeability 
ability will fall by heat treatment at the time of manufacture with time by the counter diffusion of a 
dissimilar metal. If such an electrolyte membrane is used for a fuel cell, the electromotive force of a 
cell will also decline. Then, if it has a metal diffusion control layer like this invention, the metal 
counter diffusion of dissimilar metals can be controlled and the fall of the hydrogen permeability 
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ability of a hydrogen permeability ingredient can be controlled. A metal diffusion control layer may 
be attached to all the contact interfaces of a dissimilar metal, and may be discontmuously attached to 
continuation. You may be island shape when it attaches in discontinuous. 

Said metal diffusion control layer is good also as a thing containing at least one of the metals of non- 
conductivity [ proton / a proton conductor, a mixed conductor, an insulator, the ceramics, and ]. 

A proton conductor is a conductor which penetrates a proton and does not penetrate an electron. A 
mixed conductor penetrates a proton and an electron. On the other hand, an insulator penetrates 
neither a proton nor an electron. The ceramics is a kind of a proton conductor, and although the 
metal of non-conductivity [ proton ] penetrates an electron, a proton does not penetrate. Attaching 
discontinuously is desirable when using an insulator as a metal diffusion control layer. A metal 
diffusion control layer may be the composite material and the inclination ingredient containing a 
proton conductor etc. 

TWs Invention may be constituted as a fuel cell which used the 1st electrolyte membrane, the 
oxidation gas supply section in which this fuel cell supplies an oxygen pole to one field of the 1st 
electrolyte membrane, and supplies oxidation gas to an oxygen pole - arranging - the field of 
another side - a hydrogen pole and a hydrogen pole - hydrogen - it is constituted by having the 
fuel gas feed zone which supplies rich fuel gas. 

The 1 2nd electrolyte membrane in this invention is equipped with the electrolyte layer of the base 
material formed with the precise hydrogen permeability ingredient, and the mmerals formed by the 
field of one [ at least ] of these. If it carries out like this, an electrolyte layer can fully be thin-film- 
ized by forming membranes on a precise base material. For example, it is possible conventionally to 
make thin to about 0.1-1 micrometer thickness of the electrolyte layer which was 10 micrometers or 
more Therefore, operating temperature of the fuel cell of a high temperature form can be low- 
temperature-ized by using the 2nd electrolyte membrane. The ceramic proton conductor of BaCe03 
and SrCe03 system can be used for an inorganic electrolyte layer. An electrolyte layer may form 
membranes only on one side of a base material, and may form membranes to both sides. The latter 
can also be caught with the configuration which sandwiched the base material in the electrolyte 
layer. 

Inttie 2nd electrolyte membrane, you may have the coat of the hydrogen permeability ingredient 
which covers the field of the side which does not touch a base material. As a hydrogen permeability 
ingredient the alloy containing at least vanadium, niobium, tantalums, and these parts, palladium, a 
palladium'alloy, etc. can be used, for example. An electrolyte layer can be protected by using this 
coat. 

InAe 2nd electrolyte membrane, a base material and a coat may be formed with a metallic material 
of a different kind. In the contact surface of a metallic material of a different kind, although the 
alloying by diffusion may arise, there is also an advantage which can avoid alloying with this 
configuration, harnessing the property of both metals by making an electrolyte membrane intervene 
between dissimilar metals. As a dissimilar metal, it can consider as either of the alloys containing at 
least vanadium, niobium, tantalums, and these parts, and the combination of palladium or a 
palladium alloy, for example. 
[0021] 

It may be good also as what consists of two-layer hydrogen [ at least ] demarcation membrane layers 
which the base material of said hydrogen permeability ingredient becomes from a dissimilar metal, 
and is equipped with the metal diffusion control layer of the contact interface of this dissimilar metal 
which controls diffusion of these dissimilar metals in part at least, and said metal diffusion control 
layer may contain at least one of the metals of non-conductivity [ proton / a proton conductor, a 
mixed conductor, an insulator, the ceramics, and ]. Its operation and effectiveness are the same as 
that of the case of the 1st electrolyte membrane. 
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[0022] 

As for a base material, it is [ in / the 2nd electrolyte membrane ] desirable to form with either of the 
alloys containing at least vanadium, niobium, tantalums, and these parts. These ingredients have high 
hydrogen permeability, and since it is comparatively cheap, they can form the base material of 
sufficient thickness by low cost. 

[0023] . , , 

Said electrolyte layer is formed by the solid acid ghost, and is good also as a thing equipped with the 
reaction control layer which controls the reaction of the oxygen atom in said electrolyte layer, and 
said base material to a part of interface [ at least ] of said base material and said electrolyte layer. 

If the electrolyte layer and the base material touch when an electrolyte layer is a solid acid ghost, the 
oxygen and the base material in an electrolyte will react and a base material will serve as an oxide. If 
such an electrolyte membrane is used for a fuel cell, since hydrogen permeability will fall, the 
electromotive force of a fuel cell declines from usual. Then, by having a reaction control layer, the 
reaction of oxygen and a base material can be controlled and the fall of electromotive force can be 
controlled. A reaction control layer may be attached to all the contact interfaces of an electrolyte 
layer and a base material, and may be discontinuously attached to continuation. You may be island 
shape when it attaches in discontinuous. 
[0025] 

Said reaction control layer is good also as a thing containing at least one of a proton conductor, a 
mixed conductor, and insulators. Attaching discontinuously is desirable when using an insulator as a 
reaction control layer. 

A specified quantity **** multiple oxide can be used for it for oxygen while the electrolyte of said 
electrolyte layer includes the 1st site which uses alkali metals as a principal component by the fixed 
ratio to the 2nd site which uses other elements as a principal component. At this time, said multiple 
oxide may be a multiple oxide with which the mole ratio of the component of the 1st site to the 
component of the 2nd site was compounded with the mixing ratio smaller than said fixed ratio. 
[0027] 

If alkali metal reacts with C02 contained in the cathode anode gas in a fuel cell, an alkali-metal 
carbonate will be generated. This alkali-metal carbonate causes serious problems, such as decline m 
the conductivity of a fuel cell, and collapse of an electrolyte layer. 
[0028] 

Compared with the case where alkali metal exists as a multiple oxide, the way which exists as an 

alkali-metal oxide tends to react with C02 far. 

[0029] 

It can avoid making an alkali-metal oxide remain in this invention by generating said multiple oxide 
because the mole ratio of the component of the 1st site to the component of the 2nd site compounds 
with a mixing ratio smaller than said fixed ratio. Therefore, generation of an alkali-metal oxide can 
be controlled. The impurity may be mixed that alkali metals and other elements should just be the 
principal components of the 1st site of a multiple oxide, or the 2nd site, respectively. As a multiple 
oxide, there are perovskite, pyrochlore, a spinel, etc., for example. Rare earth elements (Cerium Ce, 
Zirconium Zr, Yttrium Y, ITTERTBIUMU Yb) can use for the 2nd site. 

while the electrolyte of said electrolyte layer includes the 1st site which uses alkali metals as a 
principal component by the fixed ratio to the 2nd site which uses other elements as a principal 
component, it is a specified quantity **** multiple oxide about oxygen, and said multiple oxide is 
specified quantity **** about the oxide of the 3rd element which forms an oxide with said alkali 
metals - you may be the multiple oxide compounded in the condition. 

Wiethe 3rd element, since alkali metals come to exist as an oxide which contains alkali metal and 
the 3rd element as an alkali-metal oxide, they can control generating of an alkali-metal carbonate. As 
the 3rd element, there are Titanium Ti, Manganese Mn, iron Fe, etc. The oxides of the 3rd element 
are Ti02, Mn02, Fe 203, etc. 
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r00321 

This invention may be constituted as a fuel cell which used the 2nd electrolyte membrane, the 
oxidation gas supply section in which this fuel cell supplies an oxygen pole to one field of the 2nd 
electrolyte membrane, and supplies oxidation gas to an oxygen pole -- arranging - the field of 
another side - a hydrogen pole and a hydrogen pole -- hydrogen - it is constituted by having the 
fuel gas feed zone which supplies rich fuel gas. 
r0033] 

In this fuel cell when it is either of the alloys with which a base material contains at least vanadium, 
niobium, tantalums, and these parts, it is desirable to arrange so that an electrolyte layer may exist in 
a hydrogen pole side rather than a base material. The hydrogen embrittlement of these ingredients 
can be controlled by carrying out like this. An electrolyte may exist in the both sides by the side of 
the hydrogen pole of a base material, and an oxygen pole. 

InTmel cell, it is desirable to consider as the arrangement between which it is placed by either [ at 
least ] a base material or covering between an electrolyte layer and an oxygen pole. That is, it is 
desirable that an electrolyte layer considers as the arrangement which does not contact an oxygen 
pole and directly. By carrying out like this, an inorganic electrolyte membrane can control the short 
circuit which may be produced by contacting an oxygen pole and directly. 

Thiskivention may be constituted as the manufacture approach of an electrolyte membrane besides 
the configuration as an electrolyte membrane and a fuel cell, and the manufacture approach of a fuel 
cell The manufacture approach of the 1st electrolyte membrane can be made into the manufacture 
approach equipped with the process which forms the water electrolyte layer containing moisture, and 
the process which forms the precise film of a hydrogen permeability ingredient in both sides of an 
electrolyte layer. The manufacture approach of the 2nd electrolyte membrane can be made into the 
manufacture approach equipped with the process for which the base material formed with the precise 
hydrogen permeability ingredient is prepared, and the process which forms an inorganic electrolyte 
layer to one [ at least ] field of a base material. 

Afuel cell can be manufactured by equipping these electrolyte membranes with the process which 
prepares an oxygen pole, a hydrogen pole, the oxidation gas supply section, and a fuel gas feed zone 
further. 
[0037] 

[Embodiment of the Invention] 

A. Solid-state macromolecule membrane type : 

Al . solid-state macromolecule membrane type : 

Drawing 1 is the explanatory view showing typically the configuration of the solid-state 
macromolecule membrane type fuel cell as an example. The cross section of the eel which 
constitutes a fuel cell was shown. This eel has structure which sandwiched the electrolyte membrane 
20 on the oxygen pole 10 and the hydrogen pole 30. The passage for supplying the air as oxidation 
gas is established in the oxygen pole 10. the hydrogen pole 30 - hydrogen ~ the passage for 
supplying rich fuel gas is prepared. The oxygen pole 10 and the hydrogen pole 30 can be formed 
with various ingredients, such as carbon. 
[0038] 

The electrolyte membrane 20 has multilayer structure into which the metal layer with precise 
hydrogen permeability inserted both sides of the electrolyte layer 23 formed by the solid-state poly 
membrane For example, the Nation (trademark) film etc. can be used for the electrolyte layer 23. 
The compact layer 24 of palladium (Pd) is formed in the field by the side of the hydrogen pole of the 
electrolyte layer 23. The compact layer 22 of a vanadium-nickel alloy (V-nickel) is formed m the 
oxygen pole side. The compact layer 21 of Pd is further formed in the oxygen pole side of a compact 
layer 22. In the thickness of the compact layers 21 and 24 of Pd, in this example, the thickness of the 
compact layer 22 of 0.1 micrometers and V-nickel set thickness of 10 micrometers and the 
electrolyte layer 23 to 30 micrometers. The thickness of each class can be set as arbitration. 
[0039] 
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The electrolyte layer 23 contains moisture. Since it faces across both sides of the electrolyte layer 23 
by compact layers 22 and 24 as above-mentioned, possibility that the moisture in the electrolyte 
layer 23 will pass through these compact layers 22 and 24, and will break away out of the electrode, 
as a result the eel is low. Moreover, balking of the moisture from a perimeter can also be controlled 
by carrying out the seal of the perimeter (for example, the field A in drawing) of the electrolyte layer 
23. The seal of the compact layers 22 and 24 in this example and a perimeter functions as a 
maintenance device in which the moisture of the electrolyte layer 23 is held. 
[0040] 

In a generation-of-electrical-energy process, it becomes a proton, the electrolyte layer 23 is moved, it 
combines with oxygen on the oxygen pole 10, and the hydrogen in the fuel gas supplied to the 
hydrogen pole 30 generates water. The moisture contained in the electrolyte layer 23 contributes to 
migration of a proton. In order to promote the reaction in a hydrogen pole and an oxygen pole, 
usually into a eel, catalyst beds, such as platinum (Pt), are prepared. Although illustration was 
omitted, a catalyst bed can be prepared between compact layers 21 and 24, and the oxygen pole 10 
and the hydrogen pole 30. It is good between a compact layer 22 and the electrolyte layer 23 
between compact layers 21 and 22 also as what is prepared between the electrolyte layer 23 and a 
compact layer 24 etc. 
[0041] 

Drawing 2 is process drawing showing the production process of the fuel cell of an example. In this 
production process, the electrolyte layer 23 is generated first (step S10). Next, compact layers 21, 22, 
and 24 are formed in both sides of this electrolyte layer 23 (step SI 2). And electrodes 10 and 30 are 
attached in the both sides of compact layers 21 and 24, respectively (step S14). What is necessary is 
just to form a catalyst bed suitably at one of processes according to the location. 
[0042] 

Since it becomes possible to hold the moisture of the electrolyte layer 23 according to the fuel cell 
explained above, operation comparatively in an elevated temperature is attained. For example, when 
the Nafion film is used for the electrolyte layer 23, operation at about 200 degrees C is possible. 
[0043] 

Drawing 3 is the explanatory view showing the lamination list of the solid-state macromolecule 
membrane type fuel cells as a modification. Case A is equivalent to the structure ( drawing 1 ) of an 
example. That is, it is the structure which prepared the oxygen pole side compact layer which 
consists of V-NiV-nickel and Pd between the electrolyte layer and the oxygen pole, and prepared the 
compact layer by the side of the hydrogen pole of Pd between the electrolyte layer and the hydrogen 
pole. 
[0044] 

The fuel cell of this example is good also as structure of preparing the oxygen pole side compact 
layer which consists of V-nickel like Case B, and the hydrogen pole side compact layer which 
consists of Pd the compact layer just being prepared in both sides of an electrolyte layer. Moreover, 
an oxygen pole side compact layer and a hydrogen pole side compact layer may consist of Pd like 
Case C. In Cases A and B, it may replace with V-nickel and vanadium (V) may be used. Vanadium 
etc. was used for the oxygen pole side compact layer because it was easy to carry out the hydrogen 
embrittlement of these metals. It does not mean that these ingredients cannot be used for a hydrogen 
pole side compact layer. It cannot pass over the modification of drawing 3 to an example, but the 
compact layer which becomes the solid-state macromolecule membrane type fuel cell of this 
invention from various ingredients can be applied. 
[0045] 

In the fuel cell of an example, the film of not only a solid-state macromolecule but a heteropolyacid 
system and the film of a water peta-alumina system may be used as an electrolyte layer 23. When 
these ingredients are used, operation at about 300 degrees C is possible. 
[0046] 

A2: Solid-state macromolecule membrane type equipped with the metal diffusion control layer : 
Drawing 4 is the explanatory view showing typically the 1st configuration of the solid-state 
macromolecule membrane type fuel cell equipped with the metal diffusion control layer. The cross 
section of the eel which constitutes a fuel cell was shown. Although the fundamental configuration is 
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the same as that of the fuel cell shown in drawing 1 , the metal diffusion control layer 25 differs from 
drawing 1 at the point prepared in the interface of the compact layer 21 of palladium (Pd), and the 
compact layer 22 of a vanadium-nickel alloy (V-nickel). 
[0047] 

In this example, although the metal diffusion control layer 25 is a precise object and set the thickness 
to 1 micrometer, it can set thickness as arbitration. Furthermore, although the oxide (W03) of a 
tungsten shall be used for the metal diffusion control layer 25, not only this but a proton conductor, a 
mixed conductor, ceramics and such composite material, and an inclination ingredient may be used. 
For example, as a proton conductor, there is Mn03 etc. as multiple oxides, such as perovskite, 
pyrochlore, and a spinel, and a mixed conductor. 
[0048] 

Drawing 5 is the explanatory view showing typically the 2nd configuration of the solid-state 
macromolecule membrane type fuel cell equipped with the metal diffusion control layer. The cross 
section of the eel which constitutes a fuel cell was shown. Although the fundamental configuration is 
the same as that of the fuel cell shown in drawing 1 , the metal diffusion control layer 25 differs from 
drawing 1 at the point prepared in the interface of the compact layer 21 of palladium (Pd), and the 
compact layer 22 of a vanadium-nickel alloy (V-nickel) in discontinuous at island shape. 
[0049] 

In this example, although thickness of the metal diffusion control layer 25 was set to 1 micrometer, 
thickness can be set as arbitration. Furthermore, although the nickel (nickel) which is a proton non- 
conductive metal shall be used for the metal diffusion control layer 25, it is not only this but a proton 
conductor, a mixed conductor, and an insulator, Proton non-conductive a metal, ceramics, and these 
composite material and inclination ingredients may be used. For example, as a proton conductor, 
there is Co etc. as Mn03 and an insulator as multiple oxides, such as perovskite, pyrochlore, and a 
spinel, and a mixed conductor as a metal of non-conductivity [ proton / aluminum 203, Si02 and 
MgO, and ]. It is more effective to prepare in island shape in discontinuous, since there is no proton 
convective especially in the case of an insulator. 
[0050] 

If the solid-state poly membrane mold fuel cell which was shown in drawing 4 or drawing 5 and 
which equipped the interface of a dissimilar metal with the metal diffusion control layer is used, the 
metal counter diffusion of dissimilar metals (here, they are palladium (Pd) and a vanadium nickel 
alloy (V-nickel)) can be controlled, and the fall of the hydrogen permeability ability of a hydrogen 
permeability ingredient can be controlled. 
[0051] 

B. Solid acid ghost mold : 
Bl. solid acid ghost mold : 

Drawing 6 is the explanatory view showing typically the configuration of the solid acid ghost mold 
fuel cell as an example. The cross section of the eel which constitutes a fuel cell was shown. This eel 
has structure which sandwiched the electrolyte membrane 40 on the oxygen pole 10 and the 
hydrogen pole 30. The structure and the quality of the material of the oxygen pole 10 and the 
hydrogen pole 30 are the same as that of a solid-state macromolecule membrane type. 
[0052] 

The electrolyte membrane 40 has 5 layer structures centering on the precise base material 43 formed 
by vanadium (V). The thin film of the electrolyte layers 42 and 44 which consist of a solid acid ghost 
is formed by both sides of a base material 43. The ceramic proton conductor of BaCe03 and SrCe03 
system etc. can be used for the electrolyte layers 42 and 44. The coats 41 and 45 of palladium (Pd) 
are formed in the external surface of the electrolyte layers 42 and 44. In the thickness of the coats 41 
and 45 of Pd, in this example, the thickness of 0.1 micrometers and the electrolyte layers 42 and 44 
set thickness of 1 micrometer and a base material 43 to 40 micrometers. The thickness of each class 
can be set as arbitration. 
[0053] 

In order to promote the reaction in the hydrogen pole and oxygen pole in a generation-of-electrical- 
energy process, usually into a eel, catalyst beds, such as platinum (Pt), are prepared. Although 
illustration was omitted, a catalyst bed can be prepared between an electrolyte membrane 40, and the 
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oxygen pole 10 and the hydrogen pole 30. In addition, you may prepare between the electrolyte 
layers 42 and 44 and a base material 43 etc. between coats 41 and 45 and the electrolyte layers 42 
and 44. 
[0054] 

Drawing 7 is process drawing showing the production process of the fuel cell of an example. In this 
production process, a base material 43 is generated first (step S20). Next, the electrolyte layers 42 
and 44 are formed to both sides of this base material 43 (step S22). Although it is performed 
membrane formation of an electrolyte layer generating an electrolyte, it mentions later about an 
electrolytic generation method. Since the base material 43 is precise, sufficient thin-film-izing of the 
electrolyte layers 42 and 44 is possible for it. Membrane formation can use various technique, such 
as a physical vapor deposition, chemical vacuum deposition, and sputtering. Finally, Pd film is 
formed on the external surface of the electrolyte layers 42 and 44, and electrodes 10 and 30 are 
attached in it (step S44). What is necessary is just to form a catalyst bed suitably at one of processes 
according to the location. 
[0055] 

According to the fuel cell explained above, the electrolyte layers 42 and 44 can fully be thin-film- 
ized by forming membranes on the precise base material 43. Therefore, electrolytic membrane 
resistance can be controlled and operation at low temperature is attained comparatively. In this 
example, operation at about 600 degrees C is possible. When the electrolyte layers 42 and 44 are 
thin-film-ized to about 0.1 micrometers, an operating temperature can be reduced at about 400 
degrees C. 
[0056] 

Drawing 8 is the explanatory view showing the lamination list of the solid acid ghost mold fuel cells 
as a modification. Case A is equivalent to the structure ( drawing 6 ) of an example. That is, it is the 
structure which prepared the electrolyte layer in both sides of the base material of precise V, and 
prepared the coat of Pd in the both sides fiirther. All over drawing, the expedient top, base material, 
and coat of illustration were not distinguished, but it was indicated as the "base material." Moreover, 
the layer name of L1-L5 was given to each class from the expedient top [ of explanation ], and 
oxygen pole side. 
[0057] 

The electrolyte layer should just be formed on the base material with the precise fuel cell of this 
example. For example, the base material of V may be formed in LI layer like Case B, and an 
electrolyte may be formed to the L two-layer located in the hydrogen pole side. The coat of Pd may 
be formed in the field by the side of the oxygen pole of V in LI layer. The coat of Pd is formed in 
the hydrogen pole side of an electrolyte layer as L3 layer. L3 layer in Case B may be omitted like 
Case C. In Cases B and C, in LI layer, the metal of a different kind Pd and V touches, and the 
alloying by diffusion of dissimilar metals may arise at the time of an elevated temperature. 
Therefore, as for Cases B and C, it is desirable to make it operate at about 400 degrees C. Under this 
temperature, in order to stop the membrane resistance of an electrolyte layer, it is desirable to attain 
sufficient thin film-ization, for example, it is desirable to consider as the thickness which is about 0.1 
micrometers. 
[0058] 

LI layer in Case B may be omitted like Case D. However, generally the configuration which it is 
more desirable for a solid acid ghost electrolyte layer to avoid direct contact to the oxygen pole, and 
this viewpoint to LI layer does not omit is desirable. 
[0059] 

Solid acid ghost mold equipped with B-2. metal diffusion control layer and the reaction control 
layer : 

Drawing 9 is the explanatory view showing typically the configuration of the solid acid ghost mold 
fuel cell equipped with the metal diffusion control layer and the reaction control layer. The cross 
section of the eel which constitutes a fuel cell was shown. The electrolyte membrane 50 has 5 layer 
structures centering on the precise base material 53 formed by vanadium (V). The field by the side of 
the hydrogen pole 30 of a base material 53 is equipped with the metal diffusion control layer 54 of a 
precise object. Furthermore, the coat 55 of palladium (Pd) is formed in the external surface of the 
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metal diffusion control layer 54. 
[0060] 

On the other hand, the field by the side of the oxygen pole 10 of a base material 53 is equipped with 
the reaction control layer 52 of a precise object, and the thin film of the electrolyte layer 51 which 
consists of a solid acid ghost is fttrther formed by the external surface of the reaction control layer 
52. SrCe03 of the metallic oxide which is one of the perovskites is used for the electrolyte layer 51. 
In the thickness of 1 micrometer and the reaction control layer 52, in this example, the thickness of 
0.2 micrometers and the electrolyte layer 51 set [ the thickness of the coat 55 which is Pd / the 
thickness of 0.2 micrometers and the metal diffusion control layer 54 ] thickness of 0.1 micrometers 
and a base material 53 to 40 micrometers. The thickness of each class can be set as arbitration. A 
proton conductor, a mixed conductor, and an insulator are used for the reaction control layer 52. 
[0061] 

Drawing 10 is the explanatory view showing typically the 2nd configuration of the solid acid ghost 
mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. The 
cross section of the eel which constitutes a fuel cell was shown. It differs from the solid acid ghost 
fuel cell of drawing 9 in that the precise object 56 of palladium (Pd) is arranged in island shape in 
discontinuous in the interface of the reaction control layer 52 and a base material 53. Since the 
precise object 56 decomposes a hydrogen content child into a proton etc., it is effective in securing 
electromotive force. 
[0062] 

Drawing 1 1 is the explanatory view showing typically the 3rd configuration of the solid acid ghost 
mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. The 
cross section of the eel which constitutes a fuel cell was shown. 
[0063] 

the solid acid ghost fuel cell of drawing 9 — the interface of the electrolyte layer 5 1 and a base 
material 53 — continuous coming out — discontinuous [ be / nothing / and ] — like — island shape - 
- the reaction control layer 52 — allotting — the interface of a base material 53 and a coat 55 ~ 
continuous — coming out — it differs in that there is nothing and the metal diffusion control layer 54 
is allotted to island shape in discontinuous. Although the thickness of 1 micrometer and the reaction 
control layer 52 of the thickness of the metal diffusion control layer 54 is 0.2 micrometers, the 
thickness of each class can be set as arbitration. It is more effective to prepare in island shape in 
discontinuous like drawing 1 1 , since there is no proton convective when the metal diffusion control 
layer 54 and the reaction control layer 52 are insulators. 
[0064] 

In the solid acid ghost mold fuel cell shown in drawing 9 - drawing 1 1 , it can prevent oxygen's 
moving to the interface of the base material 53 formed by vanadium (V), and the electrolyte layer 51 
formed with the metallic oxide from an electrolyte layer by having the reaction control layer 52, 
reacting with vanadium, forming the oxide layer of vanadium, and the electromotive force of a fuel 
cell declining. 
[0065] 

Furthermore, by equipping with the metal diffusion control layer 54 the interface of the coat 55 of 
the base material 53 formed by vanadium (V), and palladium, metal counter diffusion can be 
controlled and the fall of the hydrogen permeability ability of a hydrogen permeability ingredient can 
be controlled. 
[0066] 

Generation method of a B3. electrolyte : 

From here, the generation method of the electrolyte in step S22 of drawing 7 which carried out point 
** is explained. This example explains the generation method of the electrolyte of a perovskite mold 
multiple oxide. A perovskite mold multiple oxide is an oxide by which a general notation is carried 
out by AB03. Here, A site shall serve as alkali metals. 
[0067] 

Drawing 12 is the explanatory view showing the 1st kind of generation of an electrolyte in this 
example. The above figure shows the molecule condition before electrolyte generation, and the 
following figure shows the molecule condition after electrolyte generation. If the mol concentration 
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of AO is smaller than the mol concentration of B02 before a reaction and these react, AB03 is 

generated and B02 remains. For example, 

[AO]/[B02] =0.95-0.99 ([] expresses mol concentration) 

Carrying out is desirable. 

[0068] 

Drawing 13 is the explanatory view showing the 2nd kind of generation of an electrolyte in this 
example. The above figure shows the molecule condition before electrolyte generation, and the 
following figure shows the molecule condition after electrolyte generation. Before a reaction, in 
addition to AO and B02, if the oxide which forms the alkali metal and the oxide of A site which are 
called M02 is contained and these react, AB03 and AM03 are generated and B02 remains. In 
addition, the mol concentration of AO is smaller than the sum of the mol concentration of B02, and 
the mol concentration of M02. For example, 

[AO]/([B02] + [M02]) =0.95-0.99 ([] expresses mol concentration) 

** — it is desirable. 

[0069] 

As an oxide MO 2 which forms alkali metal and an oxide here, there are Ti02, and Mn02 and Fe 
203, for example. It reacts with alkali-metal A, respectively, and an oxide called ATi03, AMn03, 
and AFe03 is generated. 
[0070] 

Rare earth elements can use for B site. Rare earth elements are Cerium Ce, Zirconium Zr, Yttrium Y, 

and ITTERIBIUMU Yb. 

[0071] 

The oxide (AO) of alkali metal reacts with the carbon dioxide CO 2 contained in cathode anode gas, 
and generates a carbonate. Although not existing by the independent one after electrolyte generation 
is desirable as for the oxide of alkali metal since a carbonate causes decline in conductivity, and 
collapse of an electrolyte layer, after electrolyte generation stops the oxide of AO, i.e., alkali metal, 
existing [ in after ] independently according to the generation method of the electrolyte shown by 
drawing 12 or drawing 13 . 
[0072] 

The electrolyte generation method of this example is applicable not only to the electrolyte of a 
perovskite mold multiple oxide but the electrolyte of a pyrochlore mold multiple oxide (A2B 207) 
and a spinel mold multiple oxide (AB04). The impurity may be contained and it can apply to BO 
(A0.8a0.2)3, ABCOX, etc. 
[0073] 

As mentioned above, although the various examples of this invention were explained, it cannot be 
overemphasized that configurations various in the range which this invention is not limited to these 
examples and does not deviate from the meaning can be taken. 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing typically the configuration of the solid-state 
macromolecule membrane type fuel cell as an example. 

[Drawing 2] It is process drawing showing the production process of the fuel cell of an example. 
[Drawing 3] It is the explanatory view showing the lamination list of the solid-state macromolecule 
membrane type fuel cells as a modification. 

[Drawing 4] It is the explanatory view showing typically the 1st configuration of the solid-state 
macromolecule membrane type fuel cell equipped with the metal diffusion control layer. 
[Drawing 5] It is the explanatory view showing typically the 2nd configuration of the solid-state 
macromolecule membrane type fuel cell equipped with the metal diffusion control layer. 
[Drawing 6] It is the explanatory view showing typically the configuration of the solid acid ghost 
mold fuel cell as an example. 

[Drawing 7] It is process drawing showing the production process of the fuel cell of an example. 
[Drawing 8] It is the explanatory view showing the lamination list of the solid acid ghost mold fuel 
cells as a modification. 

[Drawing 9] It is the explanatory view showing typically the configuration of the solid acid ghost 
mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. 
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[Drawing 10] It is the explanatory view showing typically the 2nd configuration of the solid acid 
ghost mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. 
[Drawing 11] It is the explanatory view showing typically the 3rd configuration of the solid acid 
ghost mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. 
[Drawing 12] It is the explanatory view showing the 1st kind of generation of an electrolyte in this 
example. 

[Drawing 13] It is the explanatory view showing the 2nd kind of generation of an electrolyte in this 
example. 

[Description of Notations] 
10 — Oxygen pole 

20 — Electrolyte membrane 

21 — Compact layer 

22 — Compact layer 

23 — Electrolyte layer 

24 — Compact layer 

25 — Metal diffusion control layer 
30 — Hydrogen pole 

40 — Electrolyte membrane 

41 - Coat 

42 — Electrolyte layer 

43 — Base material 

50 — Electrolyte membrane 

5 1 — Electrolyte layer 

52 — Reaction control layer 

53 — Base material 

54 — Metal diffusion control layer 

55 Coat 

56 — Precise object 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing typically the configuration of the solid-state 
macromolecule membrane type fuel cell as an example. 

[Drawing 2] It is process drawing showing the production process of the fuel cell of an example. 
[Drawing 3] It is the explanatory view showing the lamination list of the solid-state macromolecule 
membrane type fuel cells as a modification. 

[Drawing 4] It is the explanatory view showing typically the 1st configuration of the solid-state 
macromolecule membrane type fuel cell equipped with the metal diffusion control layer. 
[Drawing 5] It is the explanatory view showing typically the 2nd configuration of the solid-state 
macromolecule membrane type fuel cell equipped with the metal diffusion control layer. 
[Drawing 6] It is the explanatory view showing typically the configuration of the solid acid ghost 
mold fuel cell as an example. 

[Drawing 7] It is process drawing showing the production process of the fuel cell of an example. 
[Drawing 8] It is the explanatory view showing the lamination list of the solid acid ghost mold fuel 
cells as a modification. 

[Drawing 9] It is the explanatory view showing typically the configuration of the solid acid ghost 
mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. 
[Drawing 10] It is the explanatory view showing typically the 2nd configuration of the solid acid 
ghost mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. 
Prawing 11] It is the explanatory view showing typically the 3rd configuration of the solid acid 
ghost mold fuel cell equipped with the metal diffusion control layer and the reaction control layer. 
Prawing 12] It is the explanatory view showing the 1st kind of generation of an electrolyte in this 
example. 

[Drawing 13] It is the explanatory view showing the 2nd kind of generation of an electrolyte in this 
example. 

[Description of Notations] 
10 — Oxygen pole 

20 — Electrolyte membrane 

21 — Compact layer 

22 — Compact layer 

23 — Electrolyte layer 

24 — Compact layer 

25 — Metal diffusion control layer 
30 — Hydrogen pole 

40 — Electrolyte membrane 

41 - Coat 

42 — Electrolyte layer 

43 — Base material 

50 — Electrolyte membrane 

5 1 — Electrolyte layer 

52 — Reaction control layer 

53 — Base material 
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54 — Metal diffusion control layer 

55 Coat 

56 — Precise object 



[Translation done.] 
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[Drawing 6] 
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[Drawing 9] 
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